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This report is prepared as the final documentation for the proposed final year project 
entitled ‘Development of Process Safety Management Expert System (PSMES) for 
UTP Mini Plant of High Gravitational Natural Gas Dehydration Unit’. Process Safety 
Management (PSM) is a standard promulgated by the United States Occupational 
Safety and Health Administration (OSHA) in 2000 intended to prevent major 
accidents hazards from occurring. This standard comprises of fourteen (14) main 
elements to manage the hazards associated with highly hazardous chemical (HHC).  
 
The main objective of this research is to develop an expert system named PSMES 
to be used in process plants and other companies which will ensure that they comply 
with OSHA regulations and requirements. For this project, PSM elements are divided 
into two (2) major categories; Process Flow Diagram (PFD) Elements and Block 
Diagram (BD) Elements. The author chose UTP mini plant of High Gravitational 
Natural Gas Dehydration Unit as the project case study. Furthermore, for this project, 
the author is developing only 7 (seven) out of 14 (fourteen) PSM elements. These 
elements are Process Safety Information, Training, Operating Procedures, 
Management of Change, Hot Work Permit, Incident Investigation, and also 
Compliance Audit.  
  
The development PSMES utilizes tools such as Microsoft Visual Basic for 
programming purposes. The concept of the system is initially represented by the 
frameworks constructed in flow chart forms, designated for each element.   
 
The results show how the expert system is executed using the approved frameworks 
constructed earlier. The development of this PSMES is expected to assist the company 
in managing its operation in an effective and convenient manner.  
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1.1   Background 
In the past 20 years, there are numerous major disasters happened including the 
Bhopal incident in India which killed more than 2,000 human lives, followed by the 
Phillips Petroleum Company, Pasadena, Texas in October 1989 incident which caused 
in 23 deaths and 132 injuries. Although these major disasters involving highly 
hazardous chemicals (HHC) drew worldwide attention to the potential for major 
catastrophes, the public record is replete with information concerning many other less 
notable releases of highly hazardous chemicals (HHC). Hazardous chemical releases 
continue to pose a significant threat to employees and provide awareness drive, 
internationally and nationally, for authorities to develop or consider developing 
legislation and regulations to eliminate or minimize the potential for such events.  
 
To prevent such unfortunate events from re-occurring, the U.S. Occupational 
Safety and Health Administration (OSHA) has taken an initiative to issue the Process 
Safety Management (PSM), a regulation which contains requirements for the 
management of hazards associated with processes using highly hazardous chemicals 
(HHC) to help assure safe and healthy workplaces.  
 
 
PSM clarifies the responsibilities of employers and contractors involved in 
work that affects or takes place near covered processes to ensure that the safety of both 
plant and employees is considered. The standard also mandates written operating 
procedures; employee training; prestart up safety reviews; evaluation of mechanical 
integrity of critical equipment; and written procedures for managing changes. PSM 
specifies a permit system for hot work; investigation of incidents involving releases or 
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near misses of covered chemicals; emergency, action plans; compliance audits at least 
every three years; and trade secret protection. 
 
PETRONAS, the national oil and gas company is the pioneer in assuring the 
PSM implementation is being executed in Malaysia. PETRONAS recommends its 
HCU/OPUs to apply PSM in every oil and gas production facilities, refineries, gas 
processing plants, chemical plants, marketing facilities, or any other such facility, and 
thereby to achieve maximum technical and economic benefit from the standardization. 
 
1.2   Problem Statement 
 
Nowadays, there are several companies that already implement PSM at their 
work places. However, some issues arise pertaining on how to fully implement all the 
fourteen (14) elements of PSM in a process plant and how to relate them to each other. 
The current implementation of PSM is not feasible and user-friendly. This is because 
for instance, a company tends to keep their important documents such as PFD, P&ID, 
HAZOP report and training schedule in multiple locations and in multiple folders. 
Therefore, it is tedious for an employee to search for the documents everywhere in the 
plant if he or she were to use the P&ID and HAZOP report at the same time. In other 
words, the documents are not being grouped based on the PSM elements they belong 
to. By far, the current practice of PSM implementation does not fully involve all of its 
fourteen (14) elements and there are still no tools that can integrate all the PSM 
elements into one (1) practical and effective system where all the information of the 
company is available at one time. This is the main reason of introducing the PSM 
Expert System (PSMES) which will benefit not only the employees, but also the 
employers, contractors, vendors and clients. 
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1.3   Objectives and Scope of Study 
The main objective of this project is to develop an expert system named PSMES to 
be applied in process plants and other companies which will ensure that they comply 
with OSHA regulations and requirements. However, the scope of the project is 
narrowed in terms of the application whereby in order to demonstrate the effeciencies 
of the system, the author selects UTP mini plant of High Gravitational Natural Gas 
Dehydration Unit as the project case study. Furthermore, for this project, the author is 
developing only 7 (seven) out of 14 (fourteen) PSM elements. These elements are 
Process Safety Information, Training, Operating Procedures, Management of Change, 
Hot Work Permit, Incident Investigation, and also Compliance Audit.  
 
The work scopes of this project include constructing the concept of the expert 
system by developing the selected framework for each PSM elements extracted from 
OSHA regulation. Next is to develop the expert system by using the frameworks that 
have been approved by the supervisor. The expert system that has been developed is 












LITERATURE REVIEW AND/OR THEORY 
 
As stated in the Process Safety Management (PSM) publication by U.S 
Occupational Safety and Health Administration (OSHA) in 2000, PSM comprises of 
fourteen (14) main elements namely as follow
 [1]
: 
1. Process Safety Information  
2. Process Hazard Analysis  
3. Operating Procedures  
4. Employee Participation 
5. Training 
6. Contractors 
7. Pre-Start-up Safety Review 
8. Mechanical Integrity 
9. Hot Work Permit 
10. Management of Change 
11. Incident Investigation 
12. Emergency Planning and Response 
13. Compliance Audit 
14. Trade Secrets 
 
 
The standard mainly applies to manufacturing industries—particularly, those 
pertaining to chemicals, transportation equipment, and fabricated metal products. 
Other affected sectors include natural gas liquids; farm product warehousing; electric, 
gas, and sanitary services; and wholesale trade. It also applies to pyrotechnics and 
explosives manufacturers covered under other OSHA rules and has special provisions 
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The following paragraphs are the citations obtained from various resources 
regarding the weakness of current PSM implementation.  
 
[3]
Currently, the PSM standard is applied only to installations containing more than a 
threshold amount or either flammable or toxic chemicals; the threshold is typically 
10,000 pounds of flammables, usually somewhat fewer pounds of toxic chemicals. 
Most of the time, installations used in process development activities fall below the 
thresholds outlined in the PSM standard, so legally, strict adherence is not required. 
Although the quantities of materials may be smaller than the OSHA thresholds, most 
process development activities have the potential for serious injury or fatality, even if 
the extreme numbers envisioned when the PSM standard was crafted are not possible.  
 
[4]
There are insufficient data due to incomplete record keeping. Some companies 
began incorporating PSM as part of their culture many years ago. For some of these 




OSHA is experiencing similar "start-up" difficulties regarding enforcement of the 
standard. Some of the more difficult challenges facing OSHA are listed as follows: 
 consistent interpretation of the standard 
 a shortage of trained and qualified inspectors 
 a shortage of sufficient resources to conduct inspections 
 complexity due to other state and proposed federal process safety regulations 
 
[6]A number of recent devastating process safety failures have been ascribed to poor 
process safety management (PSM) systems, inadequate process safety culture, and weak 
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corporate oversight. This has been validated by both the BP North American Refineries 
Independent Safety Panel and the Hertfordshire Oil Storage Terminal Report. 
 
[7]
Several problems commonly occur with companies attempting to meet the audit 
requirements of the standard: 
 auditing the PSM system is often a new experience for managers 
 little guidance is available on specifically how to evaluate compliance 
 even less guidance is available on how to evaluate effectiveness 
 no commonly accepted ranking system is available to rate performance 
 since the standard is performance-based, it is difficult to conduct an audit 




























3.1 The Development Process 
 
In order to develop PSMES, the first task is to study and comprehend each PSM 
element and note the OSHA regulations they should comply with. It is observed that 
some of the PSM elements have connection with the other element. It is important to 
ensure that there will be no redundancy occurs once the expert system is developed. 
Next, the author proceeds with developing the concept of the expert system by 
constructing the framework for selected PSM elements. This is the most vital task as 
frameworks will be the back bone of the expert system. The frameworks are similar to 
flow charts constructed from OSHA regulations of each PSM elements. The purpose 
of constructing the frameworks is to demonstrate the engineering point of view on 
how the expert system should operates without violating any OSHA regulations. Then, 
the frameworks are to be reviewed and checked by the supervisor, AP Dr Azmi M 
Shariff in order to clarify that they are valid to be executed into an expert system. 
After making some adjustments and modifications, the frameworks are then approved 
by the supervisor. Once the frameworks are approved, the author starts to develop the 
expert system using computer programming aid. The following flow chart (Figure 1) 











Study and understand each PSM 
element and the OSHA 
regulations should be complied 
with 
Develop the concept of the tool 
by constructing the framework 
for each PSM elements. The 
frameworks are ideas from 
engineering point of view on 
how the tool should operates 
Start to develop the tool using 
computer programming aid to 
produce the expert system 
Process 
Process 












Figure 1: The Process of PSMES Development 
 
3.2 Separation of Elements 
All PSM elements are divided into two (2) categories based on the characteristics 
of each element. The purposes of dividing the PSM elements into two (2) groups are 
to differentiate each element as well as to give convenience while developing the 
expert system. Process Flow Diagram (PFD) elements are referring to any PSM 
element that can be accessed via the PFD of the plant. On the other hand, the Block 
Diagram (BD) elements are referring to any elements that cannot be accessed via the 
PFD of the plant and they are separately placed on the Homepage of the expert system 
unlike the PFD elements. 
 
Table 1: Categories of PSM Elements 
TYPES OF ELEMENTS LIST OF ELEMENTS 
Process Flow Diagram (PFD) 
Element 
 Process Safety Information  
 Process Hazard Analysis  
 Operating Procedures  
 Pre-Start-up Safety Review 
 Mechanical Integrity 
 Management of Change 
Block Diagram (BD) Element  Employee Participation 
 Training 
Study and understand each PSM element and 
the OSHA regulations they should comply with 
 
 
Develop the concept of the tool by constructing the framework 
for each PSM elements. The frameworks are ideas from 




Start to develop the tool using computer 








 Hot Work Permit 
 Incident Investigation 
 Emergency Planning and Response 
 Compliance Audit 
 Trade Secrets 
 
*The elements in bold are developed by the author. 
 
The author develops only 7 (seven) out of 14 (fourteen) PSM elements. The elements 
constitute 3 (three) Process Flow Diagram (PFD) element and another 4 (four) Block 
Diagram (BD) elements. 
 
 
3.3 Tools Required 
In order to develop the PSMES, several tools are used to assist the author. Listed 
below are the tools required for developing the entire PSMES. 
1. Microsoft Office Word – To develop frameworks 
2. Microsoft Visual Basic – To develop system software 
 
3.4 Project Activity and Schedule 
Last semester, the project activities basically focus on finding the related 
journal/thesis regarding the flaws of current PSM implementation. These activities 
include books review and online journal research. The proofs of study are important to 
ensure the project of developing PSMES will be unique, cost-effective and beneficial 
in the future. Furthermore, literature reviews help in developing the understanding of 
PSM as well as give ideas to the author so that the system can be developed 
efficiently.  Next, the author has started to construct the framework for PFD elements 
which are Process Safety Information, Operating Procedures and Management of 
Change. The frameworks will assist the system development in the future. 
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For this semester, the project activity continues within the first 3 (three) 
months by constructing the frameworks for rest of the Block Diagram (BD) elements 
which include Training, Work Permit, Incident Investigation and Compliance Audit.  
 
The author has already met one of the researchers of High Gravitational Natural 
Gas Dehydration Unit, Ms Nurhayati to get a clear explanation on the mini plant flow 
sheet. The flow sheet of the plant will be the main component mostly utilized in the 
development of the expert system. Furthermore, the author has also visited the mini 
plant and has better understanding on the equipment arrangement and the processes 
that take place. Then, the author has discussed with the mini plant contractor, ABA 
Gas Technologies Sdn. Bhd. and Ms Nurhayati to obtain more information for 
developing the expert system.    
 
Once all the required information has been collected, the author starts to develop 
the expert system using Microsoft Visual Basic. The system is expected to show at 
least one element of each PSM category is successfully developed. 
 








RESULTS AND DISCUSSION 
This section is divided into two (2) parts. The first part will discuss the results 
in terms of the frameworks that have been developed for the selected elements 
including the framework for Homepage while in the second part the results discuss the 
expert system execution. In the Homepage framework, there is no separation of 
elements being shown to avoid confusion among the readers. The frameworks are 
developed based on the requirements by OSHA 
[7]
.  

























Select PSM-BD Elements 
-Employee Participation             
-Training                                      
-Contractor                                  
-Incident Investigation               
-Audit                                          
-Trade Secret                                
-Emergency Response and Plan       
- Permit System 
 
 
Select PSM-PFD Elements 
-Operating Procedure                  
-Process Safety Information        
-Mechanical Integrity                 
-Process Hazards Analysis         
-Pre Start-Up Safety Review      
































No No Summary of PSM elements 
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elements) 
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Choose Block Diagram (BD) 
/Process Flow Diagram (PFD) 
 




























Dialog that ask 











View Process Safety 
Management (PSM) 
-Block Diagram 
(Refer Fig. 2) 














Select PSM Elements 
-Employee Participation               
-Training                                      
-Contractor                                  
-Incident Investigation                
-Emergency Response and Plan          
-Trade Secret                              
- Permit System                                
-Audit                                                                     
 
Select PSM Elements 
-Operating Procedure                  
-Process Safety Information       
-Mechanical Integrity                  
-Process Hazards Analysis         
-Pre Start-Up Safety Review      




Summary of PSM 





































*Update- Update also covering for 
viewing facilities 
*Node-An area covering part of the 
plant section 
 











Back to PSM-BD 
elements 
4.1.3 Block Diagram (BD) Frameworks 

































 Update/view report finding that have been developed [1910.119(0)(3)] 
 Update/view document an appropriate response to each of the findings of the     
compliance audit, and document that deficiencies have been corrected. [1910.119(0)(4)]   
 Update/view retention of the two recent compliance audit reports. [1910.119(0)(5)]                                                                   
Is report finding 
system available? 
Conduct audit 
at least 3years? 
 Update/view certification that have been evaluated compliance with the 
provisions of this section to verify that the procedures and practices developed 
under the standard are adequate and are being followed. [1910.119(0)(1)] 
 Update/view at least one person involved and knowledgeable in the process. 
[1910.119(0)(2)]                                                                                                                                                
Is audit system 
available? 
Develop audit system                                                                           
 
Audit PSM system 
 






































Is Permit system 
available? 
 Update/View permit system that has been issued by 
employer for hot/cold work, electrical or confined space 
entry operation conducted on or near a covered process. 
[1910.119(k)(1)] 
 For hot work permit, update/view document in the hot 
work permit such as:- [1910.119(k)(2)]                                                                           
-fire prevention and protection requirements                         
-indicate the date(s) authorized for hot work                          
-identify the object on which hot work is to be performed.  
                                           
Develop Permit system                                                                          
 





Back to PSM-PFD 
elements 






























 Update/view investigation of each incident which resulted 
in, or could reasonably have resulted in a catastrophic release 
of highly hazardous chemical in the workplace. 
[1910.119(m)(1)]  
 Notes: Investigation initiated promptly but not later than 48 
hours. [1910.119(m)(2)]                                                                            
 
Update/view an incident investigation team that consist of:- 
[1910.119(m)(3)]                                                                                        
- at least one person knowledgeable in the process involved            
-contract employee if the incident involved work of the contractor                                                                                             
-persons with appropriate knowledge and experience to thoroughly 
investigate and analyse the incident. 
 
Update/view reports at the conclusion of investigation which include:-                                                                                                        
-Date of incident [1910.119(m)(4)(i)]                                                                                                 
-Date investigation began [1910.119(m)(4)(ii)]                                                                                                                                                                                   
-Description of incidents [1910.119(m)(4)(iii)]                                                      
-Factors that contribute to incidents [1910.119(m)(4)(iv)]                                  
-Any recommendation resulting from the investigation [1910.119(m)(4)(v)]                                                                                                                                                                                                                                                             
 
 Update/view documented system that have been establish to 
promptly address and resolve the incident report findings and 
recommendations. [1910.119(m)(5)] 
 Update/view reports that have been reviewed with all affected 
personnel whose job tasks are relevant to the incident findings 
including contract employees where applicable. [1910.119(m)(6)] 
 Reports retained for five years [1910.119(m)(7)]                                                                                   





































Initial or Refresh 
training? 
Update/ view refresher training provide to 
employee involved in process:- 
[1910.119(g)(2)]                                                                                                    
-at least every three years                                                            
-More often if necessary                                                          
-Assure employee understands and adhere to 
current operating procedure of process. 
 
Update/ view training employee involved in operating 
process and newly assign process  in:- 
[1910.119(g)(1)(i)]                                                                                                    
-Emphasis on specific HSE hazards                                      
-Emergency operation                                                          
-Safe work practices applicable to job task 
Update/ view initial training that employees 
required in operating process. After the 
completion of the training, an employer may 
certify in writing that the employee has the 
required knowledge, skills, and abilities to 
safely carry out the duties and responsibilities 
as specified in the operating procedures. 
[1910.119(g)(1)(ii)]                                                                                                     
Employer determine frequency of 
refresher training required in 
consultation with the employee 
involved in operating process 
 
Update/ view record which contain: - 
[1910.119(g)(3)]                                                                                                    
-Identity of employee                                                            
-Date of training                                                                      
-Means used to verify employee 
understood training 
 











4.1.4 Process Flow Diagram Framework 





























[1910.119(l)(1)]                                                                         
 
Update/View changes to procedures or 
practices that result in a change in the OP 
[1910.119(l)(5)]                                                                         
 
Update/View changes to information that 




Update/View procedure that consider changes to:-                                                                   
-Technical basis for proposed change [1910.119(l)(2)(i)]                                                                                                                       
-Impact of changes on safety and health [1910.119(l)(2)(ii)]                                                                                                                                                                                
-Modification to Operating Procedure [1910.119(l)(2)(iii)]                                                                                                                                                                                 
-Necessary time period for changes    [1910.119(l)(2)(iv)]                                                                                                                                                                                
-Authorization requirements for proposed changes [1910.119(l)(2)(v)]                                                                                                                        
 
Update/View written procedure of MOC to:-                                                                    
-Process chemicals                                                
-Technology                                                           
-Equipments                                                           
-Procedures                                                             
-Changes of facilities affect covered process 





Informed of, and trained 
in, the change prior to 
start-up of the process or 
affected part of the process 
to the employee involved. 
[1910.119(l)(3)]                                                                         
 











Back to PSM-PFD elements 































 Update/View information for each operating phase covering to:                                                                                                      
-Initial start up [1910.119(F)(1)(i)(A)]                                                                      
-Normal Operation [1910.119(F)(1)(i)(B)]                                                              
-Temporary operations [1910.119(F)(1)(i)(C)]                                                                                       
- Emergency Shutdown [1910.119(F)(1)(i)(D)]                                                     
- Emergency operations [1910.119(F)(1)(i)(E)]                                                      
-  Normal shutdown [1910.119(F)(1)(i)(F)]                                                    
- Start up following a turnaround, or after an emergency shutdown 
[1910.119(d)(1)(vii)]              
Update/view operating limit referred to:                                           
- Consequences of deviation [1910.119(F) (1) (ii) (A)]                  
- Step to correct or avoid deviation 
[1910.119(F)(1)(ii)(B)]       
 Update/View information for safety and health consideration:                                                                                                      
-Properties of hazard presented by chemical used in process 
[1910.119(F)(1)(i)(A)]                                                                                 
-Precaution to prevent exposure [1910.119(F)(1)(i)(B)]                                                              
-Control measure to be taken if physical contact or airborne 
exposure occur [1910.119(F)(1)(i)(C)]                                                                                       
- Quality control for raw material and control of hazardous 
chemical inventory levels [1910.119(F)(1)(i)(D)]                                                     
- Any special or unique hazard [1910.119(F)(1)(i)(E)]                            
 Update Safety system and their function [1910.119(F)(1)(i)(E)]  
  OP can be assessed to employees [1910.119(F)(2)]                              
Update/view SWP for control hazards such as: [1910.119(F) (4)]                                     
- Lockout/Tag out                                                                                       
- Confined Space Entry                                                                             
- Opening process equipment or piping                                                 
-Control over entrance by maintenance, contractor or other  
support personnel      
Certified OP every 
year [1910.119(F) 
(3)]       
 
OP > 1 year?  









































 Update/View information pertaining Highly Hazardous Chemical 
covering to:                                                                                                      
-Toxicity Data [1910.119(d)(1)(i)]                                                                      
-Permissible Exposure Limit (PEL) [1910.119(d)(1)(ii)]                                                              
-Physical Data [1910.119(d)(1)(iii)]                                                                                       
- Reactivity Data [1910.119(d)(1)(iv)]                                                     
- Corrosivity Data [1910.119(d)(1)(v)]                                                      
- Thermal and Chemical Stability Data [1910.119(d)(1)(vi)]                                                    
- Hazardous effects of inadvertent mixing with other potential 
substances [1910.119(d)(1)(vii)]              
 Update/View information concerning the technology of the process 
covering to:                                                                                                        
-Block Flow of Simplified Process Flow Diagram 
[1910.119(d)(2)(i)(A)]                                                                       
 -Process Chemistry [1910.119(d)(2)(i)(B)]                                                              
-Maximum intended inventories [1910.119(d)(2)(i)(C)]                                                                                       
- Safe upper and lower operating limit  [1910.119(d)(2)(i)(D)]                                                     
- An evaluation of the consequences of deviations, including those 
affecting the safety and health of employees. [1910.119(d)(2)(i)(E)]     
 Update/View information pertaining to equipment in the process 
covering to:                                                                                                        
-Material of construction [1910.119(d)(3)(i)(A)]                                                                       
-Piping and Instrument diagrams (P&ID) [1910.119(d)(3)(i)(B)]                                                              
-Electrical Classifications [1910.119(d)(3)(i)(C)]                                                                                       
-Relief system design and design basis [1910.119(d)(3)(i)(D)]                                                     
- Ventilation system design [1910.119(d)(3)(i)(E)]                                           
-Design codes and standards [1910.119(d)(3)(i)(F)]                                         
- Material and energy balances for processes built after May 26, 1992. 
[1910.119(d)(3)(i)(G)]                                                                                        
-Safety system [1910.119(d)(3)(i)(H)]    
 Check the  documents  compliance with recognized and generally 
accepted good engineering practices [1910.119(d)(3)(ii)]  
 Determine and document that equipment is design, maintain, 
inspected, tested and operating in a safe manner is equipment design are 
no longer in use [1910.119(d)(3)(iii)] 
                           


































Develop PSI in 
conjunction with PHA 
studies [1910.119(d) 
(2)(ii)] 
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4.2 Part II: PSMES Execution Example 
This section shows a series of screen shots captured when the expert system is 
executed.  
 



















Figure 3: Successful login notification  
Final Year Project (II)                         Final Report                    July 2009 Semester 
23 
 
4.2.2 The General Interface of PSMES 
 
Figure 4: PSMES Homepage shows the PFD of the mini plant which consist of 4 (four) main 
systems 
Figure 5: The plant equipment list 
 




Figure 6: The General Arrangement of the plant; from Angle 1 
 
Figure 7: The General Arrangement of the plant; from Angle 2 
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4.2.3 Application Example 1 - To show one element from PFD category is 
successfully developed. The element selected is Process Safety Information (PSI). 
Figure 8: From PFD, user to click on the desired equipment (compressor) 
Figure 9: User to click on the PSI button on at the bottom right of the active window  
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Figure 10: MSDS of Natural Gas 
Figure 11: Compressor detailed drawing 
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Figure 12: Safety system rules and instructions 
 
Figure 13: Safety system operation and description 
 




Figure 14: Electrical classification description 
 
Figure 15: Safety relief valve description 
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4.2.4 Application Example 2 - To show one element from BD category is 
successfully developed. The element selected is Compliance Audit. 
 
Figure 16: At Homepage, user to click on the Audit button at the right hand side of the 
window 
Figure 17: Internal audit record 
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Figure 18: Audit form 
Figure 19: Detailed audit form 
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Figure 20: Audit record 
Figure 21: Equipment test result 
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Figure 22: Audit report form 
 
Figure 23: Audit report record 
 
 




1. The frameworks are developed such that they comply with the regulatory 
requirements of Process Safety Management (PSM) publication by U.S 
Occupational Safety and Health Administration (OSHA) in 2000. This is to avoid 
any incompliance of regulations among the companies.   
 
2. Furthermore, this will assist in the audit process of the system and making it a 
smooth and easy process if the system follows all the regulatory requirements. 
If the system fails to comply with even one (1) requirement, then it cannot be 
established.  
 
3. The fully developed expert system has high potential to be commercialized in 
the outside market since PSMES will be the ultimate tool that helps companies 
to comply with OSHA regulations and requirements. 
 
4.  The expert system will also helps in minimizing management and 












CONCLUSION AND RECOMMENDATIONS 
 
As the conclusion, PSMES is successfully developed by integrating all the selected 
PSM elements into one practical, efficient and user-friendly system. The author 
successfully demonstrates one working example from each category of PSM elements. 
The objective of the project is achieved. The strong frameworks developed for each 
PSM elements produce a reliable, convenient and user-friendly tool—the expert 
system. PSMES is an ultimate expert system that will assist the user in fulfilling the 
regulations of OSHA which is crucial for a company/plant to operate at all times. 
Developing PSMES is a sustainable achievement because it ensures profit in return as 
PSMES is the only tool of its kind which available in the market at present. 
 
Recommendations: 
1. The expert system must initially be tested by a number of respondents to 
identify any imperfections or weakness before being commercialized in the 
outside market. 
2. The expert system should maintain a very high security to prevent any break-
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